Titanium dioxide (TiO 2 ) thin films were prepared by Chemical Bath Deposition (CBD) method. The X-ray diffraction (XRD) analysis was used to examine the structure and to determine the crystallite size of TiO 2 thin film. The surface morphology of the film was studied using Scanning Electron Microscopy (SEM).The optical properties were studied using the UV-Visible and photoluminescence (PL) spectrum. Optical constants such as band gap, refractive index, extinction coefficient and electric susceptibility were determined. The FT-IR spectrum revealed the strong presence of TiO 2 . The dielectric properties of TiO 2 thin films were studied for different frequencies and different temperatures. The AC electrical conductivity test revealed that the conduction depended both on the frequency and the temperature. Photoconductivity study was carried out in order to ascertain the positive photoconductivity of the TiO 2 thin films.
INTRODUCTION
The study of semiconducting thin films is being pursued with growing interest on account of their established and useful applications in many semiconductor devices such as solar energy converters, optoelectronics devices etc 1 . In the recent decades, there has been an enormous deal of attention being bestowed upon the making of inexpensive thin films, due to their high varying characteristics. Such characteristics consist of high resistivity, heat reflecting windows, catalytic properties, photo thermal and photovoltaic 2 . Titanium dioxide (TiO 2 ) is an extensively used material for optical and protective applications because of its high transparency in the visible region, excellent mechanical durability and chemical stability in aqueous solution 3, 4 . TiO 2 films are valuable for such applications as catalysis, optical coatings, gas sensors, and other electronic devices [5] [6] [7] . The physical and chemical properties of TiO 2 are such that it becomes suitable for a wide spectrum of applications. It is also an excellent electrode material that can be used for the conversion of light energy into electrical energy because of its semiconductor properties. Its wide applications such as supercapacitors, dye-sensitized solar cells, quantum-dot-sensitized solar cells, lithium ion batteries, photoelectrolysis, water splitting, biosensors, photochromic devices, self-cleaning, and extremely thin absorber (ETA) solar cells have already been explored [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . TiO 2 films can be synthesized by many chemical and physical deposition techniques, such as chemical vapor deposition, spin coating or spin casting, atomic layer deposition, molecular beam epitaxy, sputtering, cathodic arc deposition, electrospray deposition, sol-gel process 18 . It has been established by research that the preparation technique and processing conditions strongly impact the microstructure and physical properties of the material. Each technique has its own advantages and limitations. The CBD method has almost become the favourite of many researchers who see it as a comfortable alternative technique for the synthesis of metal chalcogenide thin films because of its advantages such as low cost and large-area deposition. CBD technique facilitates the formation of thin films of metal chalcogenides by spontaneous reaction in solution. TiO 2 thin films have also been prepared by sol-gel chemical bath deposition technique 19 . CBD technique has several advantages over the other ones. For instance, this method can be used for large area deposition at room temperature and the thickness of the deposited layer can be readily controlled by varying the length of the deposition time. Earlier investigations of the microstructural and optical properties of TiO 2 films synthesized by the CBD technique had shed much light. They have shown that the characteristics such as film thickness, bonding configuration, optical absorption and optical bandgap and structure are a function of deposition time 20 . Based on this fact we report the synthesis and the characterization of TiO 2 thin films. The prepared films were characterized for their structural, surface morphology, optical properties, photoluminescence, FTIR analysis, and electrical studies. The results of the characterization studies are discussed in the paper.
Investigations on the Synthesis, Optical and Electrical Properties of TiO 2 Thin Films by Chemical Bath Deposition (CBD) method

EXPERIMENTAL PROCEDURE
The TiO 2 thin films were deposited by means of CBD technique at room temperature using titanium tetra isopropoxide and isopropanol as the starting materials. For thin film deposition the starting materials of 5 ml titanium tetra isopropoxide (Ti{OCH(CH 3 ) 2 } 4 ) and 10 ml isoproponal (C 3 H 8 O) were dissolved in 100 ml of distilled water in a glass vessel. The vessel with reactive solution was kept in the room temperature. Glacial acetic acid (C 2 H 4 O 2 ) was added drop by drop to the solution. The solution was stirred well with the help of a magnetic stirrer to maintain the homogeneous mixture. The deposition was carried out at the temperature of 80°C and the growth time was 3 h. A glass substrate was placed vertically inside the vessel with the help of a suitably designed substrate holder. After three hours, the glass slide was removed from the bath and cleaned with deionized water and dried in a hot oven. The resultant films were homogeneous and well adhered to the substrate with mirror like surface.
CHARACTERIZATION TECHNIQUES
The X-ray diffraction analysis (XRD) pattern of the TiO 2 thin films was recorded by using a powder X-ray diffractometer (Schimadzu model: XRD 6000 using CuKα (λ=0.154 nm)) radiation, with a diffraction angle between 10° and 70°. The crystallite size was determined from the broadenings of corresponding X-ray spectrum peaks by using Scherrer's formula. Scanning Electron Microscopy (SEM) studies were carried out on JEOL, JSM-67001. The optical absorption spectrum of the TiO 2 thin films was taken by using the VARIAN CARY MODEL 5000 spectrophotometer in the wavelength range of 300 -800 nm. The PL spectrum of the TiO 2 thin films was recorded by using the Perkin-Elmer lambda 900 spectrophotometer with a Xe lamp as the excitation light source. The FTIR spectrum of the TiO 2 thin films was taken using an FTIR model Bruker IFS 66W Spectrometer. The dielectric properties of the TiO 2 thin films were analyzed using a HIOKI 3532-50 LCR HITESTER over the frequency range 50Hz-5MHz. Photoconductivity measurements were carried out at room temperature by connecting the sample prepared in series with a picoammeter (Keithley 480) and a dc power supply.
RESULTS AND DISCUSSION
Structural studies
The phase composition and the structure of the film were studied by X-ray diffraction analysis. The XRD patterns of TiO 2 thin films are shown in Fig.1 . The strong and sharp diffraction peaks indicate the formation of well crystallized TiO 2 thin films. The diffraction pattern shows a peak (101) plane of the anatase phase of TiO 2 . The observed peaks correspond to (1 0 1), (0 0 4), (2 0 0), (1 0 5), and (2 0 4) planes. No peaks corresponding to the rutile or brookite phase were observed in the X-ray diffraction pattern. The average nano-crystalline size (D) was calculated using the Scherrer formula,
where λ is the X-ray wavelength (CuKα radiation and equals to 0.154 nm), θ is the Bragg diffraction angle, and β is the full width half maximum (FWHM) of the XRD peak appearing at the diffraction angle θ. The average crystalline size was calculated from the X-ray line broadening peak and Scherrer equation and it was found to be about 18 nm.
SEM analysis
Scanning electron microscopy (SEM) was employed for the investigation of morphological features of the deposited thin films. Fig.2 shows the surface morphologies of the TiO 2 films. It shows that the glass substrate is entirely covered with spherically nanograined TiO 2 particles. The influence of low deposition temperature on the formation of TiO 2 crystals could be easily noticed from the fact that the crystallites formed from the solution at low deposition rates had well defined multi grain agglomerates possessing irregular shape and size. In addition, the formation of semi-spherical TiO 2 particles was observed with increasing deposition time. This clearly indicates the influence of deposition time and the fact that the growth of TiO 2 microspheres was initially suppressed by premature termination of the growth process, but irregular shaped particles were transformed to semi-spherical particles as the deposition time increased corroborates the indication. Nevertheless, many cracks developed on relatively thick films despite the increase in film thickness with increase in the deposition time.
Optical properties
The optical properties of TiO 2 films were studied using the absorption spectrum recorded with the help of a UV-Vis spectrophotometer. The optical absorption spectrum of the TiO 2 films was recorded in the range of 300-800 nm. The absorption spectrum of TiO 2 thin films is shown in Fig.3 (a) . A significant decrease in the wavelength can be ascribed to the absorption of light caused by the excitation of electrons from the valence band to the conduction band of titania [18] . It was observed that the optical absorption decreased smoothly from the UV to near IR region. The optical absorption coefficient (α) was calculated from transmittance using the following relation
where T is the transmittance and d is the thickness of the film. As a direct band gap material, the film under study has an absorption coefficient (α) obeying the following relation for high photon energies (hν)
where E g is the band gap of the TiO 2 films and A is a constant. A plot of variation of (αhν) 2 versus hν is shown in Fig.3(b) . E g was evaluated using the extrapolation of the linear part. Using Tauc's plot, the energy gap (E g ) was calculated to be 3.6 eV.
Determination of Optical Constants
Two of the most important optical properties, namely the refractive index and the extinction coefficient are generally called optical constants. The amount of light that transmits through thin film material depends on the amount of the reflection and the absorption that take place along the light path. The absorption of radiation that leads to electronic transitions between the valence and conduction bands is split into direct and indirect transitions. The optical constants such as refractive index, extinction coefficient and electric susceptibility were then calculated using the relation given below: The extinction coefficient (K) could be obtained from the following equation
The extinction coefficient (K) was found to be 0.0030 at λ =800 nm. The transmittance (T) is given by
Reflectance (R) in terms of absorption coefficient could be obtained from the above equation.
Hence we have
Refractive index (n) can be determined from the reflectance data using the following equation 
The refractive index (n) was found to be 1.65 at λ =800 nm. This result revealed that TiO 2 film has high refractive index. The high refractive index of TiO 2 films makes it suitable for use as anti-reflection coatings. From the optical constants, electric susceptibility (χ c ) could be calculated according to the following relation where ε 0 is the permittivity of free space and k is extinction coefficient. The value of electric susceptibility (χ c ) was 1.723 at λ=800 nm. Since electrical susceptibility is greater than 1, the material can be easily polarized when the incident light is more intense. The optical behaviour of the films can be correlated with dielectric behaviour. The complex dielectric constant is a fundamental intrinsic material property. The real part of it accounts for how much it will slow down the speed of light in the material and the imaginary part explains how a dielectric absorbs energy from the electric field due to dipole motion.The real part dielectric constant (ε r ) and the imaginary part dielectric constant (ε i ) could be calculated from the following relations: The values of the real dielectric constant (ε r ) and the imaginary dielectric constant (ε i ) at λ=800 nm were estimated to be 3.735 and 0.0425 respectively. The lower and positive value of dielectric constant of the material enables the occurrence of the induced polarization due to intense incident light radiation. Titanium dioxide (TiO 2 ) has attracted significant attention from researchers because of its many interesting physical and chemical properties that make it suitable for a variety of applications. For instance, TiO 2 has high corrosion resistance and chemical stability and an excellent optical transparency in the visible and near infrared regions. It also has high refractive index that makes it suitable for anti-reflection coatings in optical devices. It has been used mostly as a pigment in paints, sunscreens, ointments, toothpaste etc.
PL studies
The photoluminescence spectrum (PL) of the TiO 2 films was recorded in the range of 375-550 nm with an excitation wavelength of 300 nm. Fig.4 shows the PL spectrum of the TiO 2 thin films. The peak present at 387 nm corresponds to the band-to-band transition due to excitation of electrons from valence band to conduction band. The calculated band gap using this peak was 3.60 eV, which corresponded to the band gap of anatase phase of TiO 2 thin films. The presence of broader photoluminescence band in the visible green region could be attributed to the recombination of photo-generated holes with the singly ionized oxygen vacancies. There is a weak broad band in the visible region. The bluish-green and yellow-green emissions are attributed to deep level defects in TiO 2 films, such as doubly-ionized and single-ionized interstitial Ti vacancies and oxygen vacancies 21 . The main peaks are located at about 387 nm. In the nanocrystalline regime, since the number of molecules at the surface is more, surface defects play a very important role in determining the luminescence characteristics.
FTIR Analysis
Fourier Transform Infrared (FTIR) spectroscopy is a potential method for observing molecular vibrations. The FTIR spectrum of the TiO 2 thin films are shown in Fig.5 . From this spectrum, it is observed that strong band around at 620 cm −1 is associated with the characteristic vibrational mode of anatase TiO 2 . The absorption peak at around 900 cm -1 is assigned to characteristic stretching vibration of peroxo groups. The absorption peaks around 1370 and 1638 cm −1 may be due to the stretching and bending vibration of hydroxyl groups of molecular water. The narrow band around 2923 cm -1 is due to organic residues 22 . The absorption at 3391 cm −1 indicates the presence of hydroxyl group 23 . As-deposited TiO 2 showed the higher depth at 3391cm -1 .Thus the results indicate the presence of Ti-O bonds, peroxo groups and OH groups for as-deposited film.
Dielectric Properties
The variations of the dielectric constant and the dielectric loss of the TiO 2 thin film at frequencies from 50Hz to 5 MHz and at different temperatures are displayed in Figs. 6 and 7 . The dielectric constant could be calculated using the formula ε r is used to evaluate the dielectric constant , where d is the thickness of film and A is the area of the film. Fig.6 shows the plots of dielectric constant against log frequency. It was observed that the dielectric constant decreased exponentially with increasing frequency and then attained almost a constant value in the high frequency region. This also indicated that the value of the dielectric constant increased with an increase in the temperatures. The net polarization present in the material is due to ionic polarization, electronic polarization, dipolar polarization and space charge polarization 24 . The contribution of the decrease in the dielectric constant due to electronic polarization is quite less 25 . Dipolar polarization is also expected to decrease with temperature as it is inversely proportional to temperature. The contribution to polarizability of the space charge depends on the purity of the nanoparticles 26 .
At low temperature and high frequency, we may take it as negligible. However, it is significant in the low frequency region. As the temperature increases, the contribution of the space charge effect towards polarization may have a tendency to increase 27 . Fig.7 shows the variation of the dielectric loss with respect to the frequency at different temperatures. It was observed that the dielectric loss showed a decreasing trend with increasing frequency. These curves suggest that the dielectric loss is strongly dependent on the frequency of the applied field, similar to that of the dielectric constant. In the low frequency region, high energy loss is observed, which may be due to the dielectric polarization, space charge and rotation direction polarization occurring in the low frequency range. The high values of dielectric loss at low frequencies could be related to the charge lattice defect of the space charge polarization 28 .
AC electrical conductivity studies
The ac conductivity (σ ac ) was calculated for the TiO 2 thin films from the following formula 
w h e r e ε o i s t h e v a c u u m d i e l e c t r i c c o n s t a n t (8.85 × 10 −12 farad/m), tanδ is the dielectric loss, ε r is the relative dielectric constant, and ω is the angular frequency ω = 2πv of the applied field. Fig.8 shows the variation of ac conductivity with various frequencies and temperatures. It was observed that the value of ac conductivity increased with increase in frequency. The activation energy required for the conduction process of the charge carriers as well as the activation energy of the TiO 2 thin films was found to be 0.72 eV. The conduction mechanism can be explained by the rotation of ions when the temperature of the material is increased. The rotation of ions causes local displacement of electrons in the direction of the applied field, which in turn leads to increase in induced polarization 29 .
Photoconductivity Studies
The photo current and the dark current were plotted as a function of the applied field and the same is shown in Fig.9 . The plots indicate a linear increase of current in the dark and the visible light illuminated TiO 2 thin films in Fig.9 . Photoconductivity study of TiO 2 thin films cases with an increase in applied field depicting the ohmic nature of the contacts 30 . It was observed that both the dark and the photo currents increased linearly with the applied electric field with the dark current being less than the photocurrent which is termed positive photoconductivity.
The low values of the dark current and insignificant rise in the photocurrent upon the visible light illumination were as expected. But the photocurrent was found to be more than the dark current. Hence, it could be said that the TiO 2 thin films exhibited positive photo conductivity. This was caused by the generation of mobile charge carriers which in turn were caused by the absorption of photons. This was because of an increase in the number of charge carriers or their life time in the presence of radiation 31 . The positive photoconductivity of the films might be due to the increase in the number of charge carriers to reveal the conducting nature of the material. The dark current was less than the photocurrent, signifying positive photoconductivity nature confirmed by the reported results
32
.
CONCLUSION
Recently, titanium oxide (TiO 2 ) thin films have emerged as one of the most promising oxide materials owing to their optical, electrical and photo electrochemical properties. In this study, TiO 2 thin film was deposited on glass substrate using chemical bath deposition (CBD) technique. The structural and morphological properties of TiO 2 thin films were investigated by XRD and SEM methods. The UV-Visible and Photoluminescence spectrum showed excellent transmission in the entire visible region. The optical properties such as band gap, refractive index, extinction coefficient and electrical susceptibility were calculated to analyze the optical property. The FT-IR spectrum confirmed the strong presence of TiO 2 . The dielectric constant and the dielectric loss of the TiO 2 thin films were measured for different frequencies and temperatures. AC electrical conductivity was found to increase with an increase in the temperature and frequency. The activation energy was found to be 0.72 eV. The photoconductivity study ascertained the positive photoconductivity nature of the TiO 2 thin films. A wide range of these materials is now available and in use in many commercial, industrial and military applications. Similarly, when TiO 2 is reduced to nanoscale, it shows unique properties, of which the electrical aspect is of paramount importance. Some of the current research and development works are in the area of these nanomaterials. This speaks of the possibilities of applications in which material nanostructures can be used to produce optical and electronic properties.
